Although the ESwab kit (Copan, Brescia, Italy) is intended for sampling bacteria for culture, this kit is increasingly also used for virus sampling. The effect of ESwab medium on influenza virus detection by realtime reverse transcription-polymerase chain reaction (RT-PCR) or virus propagation in Madin-Darby canine kidney (MDCK) cell culture was investigated. The ESwab medium was suitable for viral RNA detection but not for viral propagation due to cytotoxicity. Sampling influenza viruses with ESwab challenges influenza surveillance by strongly limiting the possibility of antigenic characterisation.
Background
Viral culture is a prerequisite for the surveillance of antigenic drift of influenza viruses as well as phenotypic antiviral resistance [1, 2] . Antigenic drift of influenza virus can result in severe epidemics and vaccine failure, with consequences for especially the risk groups who are recommended the seasonal influenza vaccine [3] . Monitoring changes in the phenotypic traits of influenza virus is therefore an important component of the international and national surveillance systems.
At the National Influenza Center (NIC) in Denmark, we have experienced challenges during the recent 2012/13 and 2013/14 seasons with culture of influenza virus in clinical samples submitted from regional hospitals. Atypical cytopathogenic effect (CPE)/cytotoxicity in cell cultures appear for clinical materials which have been sampled using the ESwab sampling kit (ESwab, Copan, Brescia, Italy). The medium included in the sampling kit is modified Amies medium intended for bacterial culture and is not recommended for virus isolation by the manufacturer [4] [5] [6] .
According to the feedback that the Danish NIC has received from the clinical microbiology laboratories, the ESwab kit is increasingly popular for multipurpose sampling due to the ease of use and low cost. The sampling kit is useful for analysing both bacterial and virus samples for diagnostic purposes using polymerase chain reaction (PCR) techniques [7, 8] . Studies of cell propagation of influenza virus stored in the ESwab sampling kit have only been reported in one previous study by Indevuyst et al. [9] , who describe that atypical CPE can be attributed to the flocked swab included in the kit. However, the swab alone cannot explain the widespread atypical CPE we have observed, and to explore this further we have studied the effect of ESwab's modified Amies medium directly onto MadinDarby canine kidney (MDCK) cell culture as well as the effect on virus propagation. The suitability of ESwab medium for influenza virus detection by realtime reverse transcription-polymerase chain reaction (RT-PCR) was also investigated.
Methods

Testing ESwab medium suitability for viral culture
Twenty ESwab medium solutions were each used as a starting point to generate twofold dilution series in replicate of ESwab medium (without the swab) in Eagles minimum essential medium (MEM). The dilution ranged from undiluted to 1:128. Three different batches of the medium were used in the experiments to exclude lot variation. Pure Eagles MEM was used as negative control for each ESwab dilution series. Once established all dilutions and controls were stored at 4 °C for 24 hours before being tested for their effect on MDCK cells.
To test the effect of pure ESwab medium and the diluted ESwab medium solutions described above on MDCK cells, these solutions as well as negative controls were respectively inoculated on the cells. The degree of cytotoxicity was evaluated by scoring from 0 to 5, where 0 was no cytotoxicity, 1 was low and 5 was extensive cytotoxicity.
To evaluate the direct effect of ESwab medium and diluted ESwab medium solutions on virus propagation, reference virus isolates as well as virus isolates from clinical samples were respectively diluted 10-fold in these solutions. The reference virus isolates were A/California/07/2009 (H1N1pdm09) (passage history: two times in primary swine kidney cells (sw)/four times in MDCK (2sw/4MDCK)), A/Denmark/42/2014 (H1N1) (2MDCK), A/Brisbane/10/2007(H3N2) (3MDCK), and A/Denmark/43/2014 (H3N2) (2MDCK-SIAT/1MDCK). Identical virus dilutions were also made in Eagles MEM as controls. Negative controls of pure Eagles MEM were also included.
Dilutions were stored at 4 °C for 24 hours before inoculation following normal procedures in confluent monolayers of MDCK cells. The cells were observed daily and CPE was scored from 0 to 4, where 0 was no CPE, 1 was up to 25% CPE, 2: 25-50%, 3: 50-75% and 4: 75-100% CPE. Cell cultures were fixed and immunostained for influenza virus after 48 hours. Cell cultures were considered influenza positive if characteristic influenza virus CPE appeared and if the cells were positive for influenza virus by immunostaining.
Testing ESwab medium for real-time reverse transcription-polymerase chain reaction
In order to confirm the suitability of virus samples submitted in ESwab medium for diagnostics using PCR technology, H1N1pdm09 virus was subjected to a tenfold dilution series either in ESwab medium or in phosphate-buffered saline (PBS). The viral solutions obtained were tested by two in-house real-time reverse transcription (RT)-PCR assays. One assay used primers and a probe for the matrix gene of influenza A virus, the other, primers and a probe for the neuraminidase (NA) gene of H1N1pdm09. The dilution series were stored at 4 °C for 24 hours or seven days before testing by PCR, this to mimic a realistic time span for samples submitted to the laboratory vs optimal conditions.
Results
ESwab medium and viral culture
MDCK cells inoculated with undiluted ESwab medium, were completely lysed after 24 hours of incubation and only granulated cell debris was observed (Figure 1 and  2) . Cytotoxic effects were observed from dilution 1:2 until 1:32 but were clearly decreasing by each dilution step of the ESwab medium (Figure 1 and 2) . The cytotoxic effects were recognised as granulated cell debris from lysed cells, apoptotic cells displaying apoptotic bodies, and irregular cells loosing attachment. After 48 hours the cytotoxic effects were more pronounced and were observed until at a dilution of 1:64, however, with only minor cytotoxicity (mean score: 0.176) in this dilution step (Figure 2 ). Due to the highly cytotoxic effect of the undiluted and 1:2 dilution of the ESwab medium it was not possible to evaluate influenza virus CPE at these dilutions. However, the success of influenza virus infection, scored by CPE and confirmed by immunostaining, was increasing by each dilution step of the ESwab medium from 1:4 until 1:128 (Figure 3 ). This finding is most notable for the H1N1pdm09 virus isolates.
ESwab medium and real-time reverse transcription-polymerase chain reaction
The suitability of the ESwab medium for diagnostics using PCR techniques was confirmed, as the H1N1pdm09 virus diluted in both ESwab and PBS, respectively, was detected equally well by two different real time RT-PCR assays (Table) . In addition to this, the PCR results were not affected by storage of the dilutions series for seven days compared with 24 hours at 4 °C before PCR testing (Table) .
Discussion
In this study we document that the ESwab medium severely affects the MDCK cells. Cell lysis and apoptosis in such cells suggest that the medium creates hyperosmolarity. The ESwab declaration lists a range of salts included in the medium and a milky appearance suggests high concentrations of salts. The MDCK cells are seemingly unaffected when the ESwab medium is diluted 1:64 to 1:128 in Eagles minimum essential medium, before inoculation in cells.
In agreement with this, we find that virus propagation is most successful when the medium is diluted substantially. Dilution to this degree is however not an The ESwab medium is highly unfit for viral propagation in cells and to avoid cytoxicity substantial dilution of the medium is required. This in practice is feasible only with the few samples containing high viral loads. Feedback from the hospitals in Denmark upon request from the Danish NIC to change the medium to a virusfriendly medium, is that the ESwab sampling kit is convenient because it is useful for PCR [7] , and the staff only need to relate to one sampling material. Another argument is that the ESwab is also cheaper than the available universal/viral transport media (UTM/ VTM). Therefore, most regional clinical microbiology departments so far have not changed medium. As a consequence, the Danish NIC has kindly requested twin-samples to be collected from the critically ill patients highly suspected for influenza disease during the coming 2014/15 influenza season. Feedback when informally addressing the challenges experienced in Denmark at international influenza meetings and virus symposia during 2014 has led us to believe that the increased use of ESwab may also be occurring in other European countries and we therefore expect our findings to have implications for the influenza surveillance of such countries.
Conclusion
The results from this study expand our understanding further of the cytotoxic effect of the ESwab sampling kit on cells used to propagate viruses, and indicate that whereas the ESwab sampling kit can be used for virus diagnostic purposes using RT-PCR, it is highly unfit for viral propagation in cell cultures and the continuing widespread use of the ESwab may pose difficulties for influenza surveillance.
